Baghouse dust collectors are using in the drying unit of Beni Idir situated in Beni-Idir Khouribga city, Morocco, to retrieve phosphates particles from dust air-drying before its expulsion through the smokestacks. The phosphate dust samples used in this study were taken from the filtration chamber of the baghouse dust collectors. The first sample (S1) is untreated calcium phosphate dust, the second (S2) is the calcium phosphate dust from the outside of filter media while the third one (S3) is the calcium phosphate dust from the inside of filter media which causes clogging depth. In this paper, the rheology and the smallangle X-ray scattering (SAXS) of the three samples were investigated to elucidate the changes in terms of local structure, the viscosity, and the shear stress parameters. The rheological behavior of the dust samples was investigated for a solid mass concentration ranging from 50 to 60%, the three samples (S1) (S2) and (S3) had a solid mass concentration of C1=60%, C2=55% and C3=50% and a shear rate in the range from 1 to 1000 s −1 . The results indicated that during the filtration process, the pseudo-plastic behavior of the dust phosphate changed to that of Bingham. Comparing the results of the sample's viscosity, we found that the viscosity decreased during the process filtration. The SAXS results suggested that the dust phosphate samples possess a fractal surface structure of enormous dust particles with a rough surface interface. This new study highlights the rheological behavior of grain phosphates that could be extrapolated to other mining powder as grains material or in solution. It is important to understand the
Introduction
The protection of the environment is a major concern for all industries whose OCP is part. In this light, OCP group had opted for the dust collectors with sleeves; to comply with the standards of dust emissions into the atmosphere and to respect the workplace exposure limits values for dust. An adequate dust phosphate collection systems need to take into consideration not only the sleeve properties but also the attributes of the phosphate dust capturing system [1] . In defining the phosphate dust characteristics as an influencing factor in the performance of the collector system, a number of concerns must be studied. These incorporate rheological properties and the local structure deduced from small angle X-ray scattering. However, several authors [2] [3] [4] [5] [6] have worked on the mechanical properties of calcium phosphate given the need for a good recognition of its rheological behavior. So far, different studies have indicated the importance of dust rheological study in the mineral processing unit operations [7] . As in X-ray crystallography, SAXS descends structural information from the interaction of the three-dimensional distribution of electrons in a sample with X-rays. Besides, most structural information about phosphate materials has been achieved using scanning electron microscopy (SEM) and X-ray diffraction. A few studies have employed other experimental techniques such as the SAXS measurements on phosphates powder [8] [9] [10] .
The filtration process is joined by the engendering of particle puffs emitted during pneumatic cleaning of the baghouse phosphate dust collector. A little residue of phosphate dust flows within the filter media and produces the clogging depth. For this purpose, the well understanding of the calcium phosphate dust rheological properties is fundamental. Consequently, in the interest of improving the filtration performance and optimizing the pulsejet cleaning during the drying operation, we have for the first time, made a detailed study of the rheological properties and the local structure by SAXS analysis of the phosphate dust samples obtained during drying process. In this paper, the rheological properties such as shear stress and viscosity of calcium phosphate dust as a function of the solid concentrations were investigated. Results revealed the non-Newtonian behavior of the phosphate dust obtained during filtration/cleaning stages. Using SAXS measurements, the focus is on the comparison between the three phosphate dust microstructure.
Method and materiel 2.1 Phosphate dust samples
The three phosphate dust samples are obtained from the baghouse dust collectors located at drying unit of Beni-Idir, Khouribga, Morocco. The first sample (S1) is taken from the conveyor that feeds the drying circuit, it is an untreated phosphate dust that came from the central zone area with medium grade and 68.5% of Bone phosphate lime, the samples (S2) and (S3) are collected from the outside and the inside respectively of the filter bag enclosed by the filtration chamber, they are a medium grade washed and dried phosphates that came from Sidi Chennane zone with 70.7% of bone phosphate lime. The two samples (S1) and (S2) have undergone a dry sieving to eliminate the particles with a diameter greater than 1.8 mm.
Rheological characterization
The analysis of the phosphate dust rheological properties was completed with a rotary viscometer (Anton-Paar), which is associated with a computer that enclosing the rheological data processing software named (Rhéoplus). The rotor is screwed onto the spindle and the sample is poured into the cup. The Couette geometry system used. For each sample, about 30 g of phosphate powder was mixed at a different solid mass concentration with water into the following solid mass concentration 60%, 55% and 50% for the samples (S1) (S2) and (S3) respectively. Rotation varies from high to low shear rate. The rheological measurements were completed at room temperature of 25 ∘ C. The experi-mental conditions were: the shear rate varied from 1 s −1 to 1000 s −1 , it was a descending ramp test. The mass concentrations in solids range from 50% to 60%. the samples were held under each shear rate for 150 seconds. The shear stress -shear rate plots were obtained from the data acquired by the computer.
Small-Angle X-ray Scattering
The SAXS experiments on the three powder samples were performed 100 s on tape background on the Super SAXS instrument (Bruker-AXS GmBH, Germany) at Aarhus University Denmark, equipped with an optimized NanoSTAR small-angle X-ray scattering camera. The details of the equipment optimization and experimental method are described previously [11] . Briefly, the Cu Kα X-ray generator is a rotary anode operating at 45kV with a size of 0.3×0.3 mm. The X-ray beam was fixed with tow Göbel mirrors and a three-pinhole collimation system. Spectra are recorded with a gas detector (HiSTAR, Bruker AXS) giving an effective q-range of 0.01 -0.38 Å −1 . Figure 1 is a plot of the three dust phosphate samples rheology. Figure 1 shows shear stress versus shear rate curves for non-Newtonian dust phosphate slurries. Figure 1 (S1) con- tains the variation of the shear stress with the rate of shear at a solid mass concentration of 60%, the time per measuring point is 5 seconds. Untreated dust phosphate showed a pseudo-plastic behavior. Shear stress increased with increasing shear rates for the sample S1, which was typical of pseudo-plastic. Figure 1 (S2 and S3) illustrates the rheological behavior curves of shear stress to a shear rate of the two samples S2 and S3. The mass solid concentrations of the samples S2 and S3 were of 55% 50%, respectively. The data plots show Bingham behavior. It is observed that the dust phosphate particles change their behavior from pseudo-plastic to Bingham during the filtration process. This is maybe explained by the agglomerates containing in the samples S2 and S3, the agglomerates are created because of the moisture content in the samples which is 2%. Figure 2 shows the effect of rate of shear on the dust viscosity. The viscosity of the dust phosphate samples showed similar behavior. The viscosity decreased rapidly with initial increases in shear rate particularly for the untreated dust phosphate (sample (S1)) indicating that the dust phosphate was a non-Newtonian fluid showing shear thinning. For the three samples, the viscosity diminishes and leans to a minimum at a shear rate of 1000 s −1 . The changes in viscosity values of different samples are related to different 'particle interactions' under shear [12] . Figure 3 represents the viscosity versus shear stress of the three samples, as regards the fact that in terms of many applications the dependence of flow on shear stress is more suitable-we tend now to plot viscosity vs shear-stress curves in addition of plotting viscosity vs shear-rate. It is remarkable from the Figure 3 that the curve of the sample (S1) is characterised by a sharp, precipitous fall-off from a high-viscosity Newtonian plateau at low shear stress, then an equally sharp levelling-off towards a low-viscosity asymptote. This type of behaviour is associated with the behaviour of very shearthinning slurries. Figure 3 demonstrates that the viscosity decreases when augmenting the shear stress then it captures an asymptotic behavior. It is also noted that the plots log (viscosity) vs. log (shear stress) of the three samples show non-straight lines; this can be explained by the effect of the particle roughness surface i.e. smooth or sharp. Other artifacts can also be present, even when end effects are eliminated in a well-made viscometer, there can still be wall effects giving real or apparent slip effects. This usually gives a little bit lower-than-expected viscosity. These can be overcome by roughening the surface of the viscometer geometries in contact with the liquid being measured. Figure 4 shows the adjustment of the rheogram obtained experimentally of the three samples to the rheological models. The rheological models have already been detailed in previous works. We did try to adjust the exper-imental data obtained for the three samples. It is found that the model which perfectly describes the rheological behavior the sample (S1) is the Casson model σ 1/2 = 20, 815.y 1/2 + 47, 277 with an R 2 = 0, 9957 where ϑ = a 2 and the (yield stress) = b; σ: shear stress. As regards the sample (S2) we note that the Bingham model σ = 0, 02017.y + 6, 9709 seems to be the perfect model that describes the fluid flow rheological behavior (R 2 = 0, 977) where ϑ = a and the (yield stress) = b. The Bingham model is a model that defines the behaviors of the slurries having linear rheological profiles. From figure 4 we notice that the Bingham model suits perfectly the rheological behavior of sample (S3). The viscosity and yield stress values for the Bingham model are: ϑ = a = 0, 0184 Pa·s and yield stress b = 0,0865 Pa.
Results and discussion

Rheology
Small-Angle X-ray Scattering
All three powders showed power law behaviors with only very little deviation from the investigated q range (0.01 -0.38 Å −1 ). The modulus of q, the scattering vector, is represented by the following formula in terms of the wavelength of the X-rays λ = 1.54 Å and the scattering angle between the incident X-ray beam and the detector measuring the scattered intensity 2θ:
The samples were fitted with the Fisher-Burford fractal model. It is a power-law model with a cross-over to a low-q Guinier region and a constant background of the form:
Where I(q) is the intensity, A is the overall scale factor, B the constant background, Rg the Guinier radius of gyration, and α the surface fractal dimension [13] . Figure 5 shows Porod plots resulting from the desmeared SAXS data of the three powder dust samples. The data follow approximately q −3.8 to q −3.9 for all three powders indicating a fractal surface structure of quite large powder particles with a rough surface interface. Therefore the associated surface-fractal dimension are of 2.2 for the sample S1 and 2.1 for both samples S1 and S2.
SAXS data of the sample S1 was fitted with a pure power-law expression without the cross-over to a low-q Guinier region as shown in Figure 5 (A) thus Rg could not be precisely determined because of the large structures present in the sample S1 that necessitating data to smaller q-values than what is available in the experiment. Guinier analysis of the S2 and S3 samples profile yields a radius of gyration of 99.72±2.87 and 83.87±1.93 nm, respectively. The radius of gyration Rg derives the information concerning the overall particle size. The Rg is the root-mean-square distance from either the center of density or a given axis to the molecule weighted. The smaller structure characterized by Rg = 83.87 ± 1.93 are attributed to the sample S3 obtained from the inside of the filter bag. These phosphates dust are responsible for the phenomena of clogging in depth. Figure 6 (A) is a data plotted of the three samples as log (I(s)) versus log(s). The scattering profiles for the different samples are very much alike, which designates that their nanostructures are very close in terms of size and shape of the particles. The scattering curves of the dust phosphate samples revealed that the average Porod slope in the q ranges was −4. A slope of −4 characterize rough interface of fractal dimension. Additionally, particles are with all sizes and shapes and too big to be resolved. Sample S1: untreated phosphate dust (blue). Sample S2: calcium phosphate dust from the outside of filter (red), and sample S3: calcium phosphate dust from the inside of filter (purple) files of the samples S1 and S2, revealing that the phosphate particles are less polydisperse than in the sample S3. For a polydispersion the radius of gyration is a biased average which largely overvalues the contribution of the lager particles. The power law s −4 expects that the particles are of a spherical shape tending to be globular. The Porod-Debye region defines for a compact, folded particle a scattering intensity decay related to s-4 [14] . Figure 6 (C) illustrates the behavior of I(s) at high s which was analyzed using a Porod-Debye plot (I(s) s 4 versus s 4 ) that is expected to be asymptotically constant. The plots shows curves with important shape-dependent oscillatory features, particularly for the samples S1 and S2. This plot is exposed here as the asymptotic tendency of I(s) s 4 to a constant that is implied by the Porod law. The ratio of surface area to vol-ume and concentration are proportional to the asymptote amplitude.
Conclusion
The rheological characterization of the dust phosphates deposits obtained from the baghouse dust collector showed that the pseudoplastic behavior of untreated dust phosphate changes to Bingham behavior during filtration/cleaning process. Additionally, the viscosity decreased throughout the drying process. SAXS analysis presented in the preceding section clearly demonstrate that the structure of the phosphate dust is spherical with a radius of gyration in the range from 80 nm to 100 nm for the two samples S2 and S3 withdrawn from the baghouse dust collector meanwhile for the untreated phosphate dust, it was difficult to determine the gyration radius because of the large particles containing in the sample. Concerning the surface characteristics, it was concluded that for all samples there was a fractal surface structure of quite large powder particles with a rough surface interface.
In this paper we described the local structure of the dust samples and the determination of rheological parameters. This work demonstrated the dependence of the dust characteristics on the filtration process.
